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Abstract A new species of the genus Tylototriton is described, from Yuexi county, Anhui province, in the south of 
the Dabie Mountains. It is based on morphological and molecular analysis. The new species is identified as belonging 
to the Tylototriton asperrimus group and shares a number of similarities with T. wenxianensis, T. broadoridgus and T. 
dabienicus. The diagnostic characteristics of the new species are as follows: the head length is greater than the width of 
the head; bony ridges on the head are prominent and necked-in; the distal digit ends, ventral digits, peripheral area of the 
cloaca and the tail's lower edge are orange. The result from the molecular analysis of the genus Tylototriton (including 
the type specimen of the new species) based on three mitochondrial genes (VD/, МР2 and CYTB) indicated that the new 
species was close to T. wenxianensis, T. dabienicus, and T. broadoridgus, but formed an independent clade. This result 
was consistent with the morphological analysis above, which supports the theory that the population distributed in the 
south of the Dabie Mountains, namely in from Yuexi county, Anhui province, represented a distinct species, Tylototriton 
anhuiensis sp. nov. 


Keywords new species, Tylototriton anhuiensis sp. nov., southern Dabie Mountains, taxonomy, morphology, molecular 
analyses 


1. Introduction 


The salamandrid (Asian newt) genus Tylototriton, 
established by Anderson in 1871, was widely distributed 
from the eastern Himalayas, Indochina, to central and 
southern China (Fei et al., 2006; Stuart et al., 2010; Fei 
et al., 2012; Forst, 2016; Le et al., 2015). Currently, 24 
species are included in the genus Tylototriton. According 
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to previous studies, this genus was classified into two 
groups or subgenera: the Tylototriton verucosus group 
and the 7. asperrimus group (Fei et al., 2005, 2006), 
corresponding to the two subgenera, Tylototriton and 
Yaotriton respectively (Dubois and Raffaélli, 2009). The 
T. verrucosus group is characterized by the presence 
of orange spots in the cranial region, on the body, tail, 
and dorsal ridge, or lateral dorsum (Yang et al., 2014), 
and contains thirteen species (Anderson, 1871; Fang 
and Chang, 1932; Liu, 1950; Nussbaum et al., 1995; 
Zhao et al., 2012; Nishikawa et al., 2014; Khatiwada 
et al., 2015; Phimmachak et al., 2015; Le et al., 2015). 
The 7: asperrimus group, is characterized by the lack of 
orange spots in the cranial region, body, tail, and dorsal 
ridge or lateral dorsum, and includes eleven species: 7: 
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asperrimus, Т. notialis, Т. hainanensis, Т. vietnamensis, Т. 
panhai, T. liuyangensis, T. lizhenchangi, T. broadoridgus, 
T. wenxianensis, T. dabienicus and T. ziegleri (Fei et al., 
1984; Chen et al., 2010; Shen et al., 2012; Yang et al., 
2014; Nishikawa et al., 2014). However, the membership 
of these two groups or subgenera is not stable, especially 
for the T. asperrimus group. In recent years, 8 species 
have been newly described (Bohme ef al., 2005; Stuart et 
al., 2010; Chen et al., 2010; Shen et al., 2012; Hou et al., 
2012; Nishikawa et al., 2013a; Nishikawa et al., 20135; 
Yang et al., 2014), which indicate that some cryptic 
species exist within the subgenus Yaotriton (Fei et al., 
1984, 1990). 

On the other hand, the status of some of the members 
of Yaotriton is still to be confirmed. In the early 1980s, 
some specimens of the genus Tylototriton were collected 
in the Wuling Mountains in Sangzhi County, Hunan, 
China, and they were identified as Т. asperrimus (Shen, 
1989) based on the presence of “ /\ ” shaped vomerine 
tooth rows, and a pair of obvious lateral bony ridges on 
the head which referred to existing documents (Hu et al., 
1973, 1977; Tian and Jiang, 1986; Shen et al., 2012). Fei 
et al. (1984) collected specimens of 7. asperrimus from 
Wenxian County in Gansu, Pingwu County in Sichuan 
and Mt. Leigong in Guizhou, which were identified as 
a new subspecies 7. asperrimus wenxianensis based on 
the morphological characters being different from the 
topotype of 7. asperrimus. Latterly, the new subspecies 
was upgraded to species rank, i.e., Г. wenxianensis by Fei 
et al. (1990). In addition, the Т. asperrimus species from 
Sangzhi County, Hunan province was also re-identified as 
Т. wenxianensis (Fei et al., 2005, 2006, 2010). Latterly, 
the Sangzhi population was described as a new species 
(Т. broadoridgus) based on molecular and morphological 
analysis (Shen et al., 2012). Chen et al. (2010) described 
a new subspecies, 7. wenxianensis dabienicus, based 
on ten female specimens and 1 larva from the north 
Dabie Mountains in Henan province, China, which was 
classified as T. wenxianensis previously by Fei et al. 
(2005, 2006, 2010). Later, Shen et al., 2012 proposed 
that this subspecies was likely to be reclassified as 7. 
dabienicus based on molecular phylogenetic analysis of 
the genus Tylototriton (Shen et al., 2012). Besides, the 
phylogenetic status of those specimens collected from 
the southern Dabie Mountains (SDM) also needs to be 
proved. 

Hu (1989) collected 7. asperrimus from the southern 
Dabie Mountains, Yuexi county, Anhui province, China, 
and reported a new discovery of 7. asperrimus in Anhui 
province (Chen, 1991). Comparing this with the topotype 


of T. asperrimus, Fei et al., 2006 found the external 
morphological characteristics of those specimen from 
SDM were different from the former (T. asperrimus), but 
they were similar to 7. wenxianensis (Fei et al., 2006). 
Combined with the floristic characteristics of Amphibians 
in Anhui province and the geographical distribution of the 
Tylototriton species, they suggested the specimen from 
Yuexi county should be revised as Т. wenxianensis (Fei et 
al., 2006). Based on what Chen (1991) described, the head 
length is greater than the head width and the peripheral 
area of the cloaca 1$ red-orange. So the morphology of the 
species from Yuexi county were similar to T. dabienicus, 
but different from 7. wenxianensis (Chen et al., 2010). 
However, the female total length and diameter of egg 
granules of T. dabienicus is significantly greater than the 
female specimen from Yuexi county (Chen et al., 2010). 
Therefore, further morphology and molecular analysis 
needs to be done to confirm the taxa of the Tylototriton 
species from Yuexi county. 

Recently, considering the research problems of 
previous studies, we reviewed the taxon status of 
the Tylototriton population from the southern Dabie 
Mountains. We systematically studied the specimens of 
Tylototriton from Yaoluoping National Nature Reserve in 
Yuexi county, Anhui Province of China, and recorded that 
distinct morphological and molecular genetic differences 
were to be found between the Yuexi population and the 
others, as well as among other known species of the 7: 
wenxianensis group and T. dabienicus, supporting the 
theory that the Yuexi Population represented a previously 
unrecognized species. 


2. Materials and Methods 


2.1 Sampling The fieldwork was conducted from 2013 
to 2016 in Yaoluoping National Nature Reserve in Yuexi 
county, Anhui Province of China (Figure 1). 32 specimens 
were also collected in the southern Dabie Mountains, 
Anhui province, China. Specimens were fixed in 99% 
ethanol, later transferred to 70% ethanol for permanent 
storage, and then deposited in the Anhui Key Laboratory 
of Eco-engineering and Bio-technique, School of Life 
Sciences, Anhui University, China. 


2.2 Molecular analysis 

2.2.1 Gene sequencing and collection А total of 32 
DNA samples were extracted using a standard proteinase 
K/phenol-chloroform protocol (Sambrook et al., 1989). 
The EasyPure PCR Purification Kit (TransGene) was used 
to purify each DNA extraction. We obtained sequence 
data of NADH dehydrogenase subunit 2 (ND2) and 
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Figure 1 Localities for the Tylototriton anhuiensis sp. nov., and distribution for its three closely-related species. T. wenxianensisis distributed 
in Gansu province (Wenxian county), Sichuan province (Ping wu and Qing chuan county) and Guizhou (Leishan county) following Fei et 
al. (2006). The T. broadoridgus distributed in Sangzhi county, following Yang et al. (2014). The T. dabienicusis distributed in Shangcheng 


county, following Chen et al. (2010). 


Table 1 Primers used in PCR amplification and sequencing in this study. 


Primer Primer Sequence Size (bp) Annealing (°С ) Source 

ND2-4F 5'-TATGAGTACGAGCATCATACCC-3' 1407 53 This study 
ND2-4R 5'-CTTCTGCTTAAGACTTTGAAGGTC-3' 54 This study 
ND2-5F 5'-CAACATAACCTGACGAGTAGC-3' 1089 52 This study 
ND2-5R 5'- GCGGTCGGTTAGAAGTATAGT-3' 52 This study 
CYTB-13F 5'- CACACAATAACTACTAAACAGCTG-3' 1162 52 This study 
CYTB-13R 5'- GGGTGAAGTTTTCTGGGTCG-3' 54 This study 
CYTB-14F 5'- AGGCTCAAACAACCCAACAG-3' 756 52 This study 
СУТВ-14В. 5'- AAGGGGTAGTTTAGTCCCAG-3' 52 This study 


Cytochrome b (СУТВ) of mitochondrial DNA (mtDNA) 
by four pairs of primers (Table 1), which were designed 
using Premier 5.0 (Clarke and Gorley, 2001) based on 7. 
wenxianensis (EU880341), Т. asperrimus (EU880340) 
and T. verrucosus (NC017871). 

АП PCRs were performed with the same conditions 
in 50uL: luL genomic DNA (concentration 20—80 ng/ 
uL), 25uL 2xEasyTaq PCR SuperMix polymerase 
(TransGen Biotech, containing 1.25U Ex Таа, 0.4mM 
dNTP, 4mM Mg”) and luL of each of the primers; pure 
molecular biology grade water was added to reach the 
appropriate volume. The amplification protocol included 
an initial denaturation step of 95?C for 5 min; this was 
followed by 33 cycles of denaturation at 95?C for 30s, 
primer annealing at 52—54?C for 40s, and an extension 


at 72?C for 60—80s, with a final extension at 72?C for 
10 min. PCR products were purified using an EasyPure 
PCR Purification Kit (TransGene), and sequenced using 
previous primers and the BigDye Terminator v3.0 Ready 
Reaction Cycle Sequencing Kit (Applied Biosystems) 
following the manufacturer's instructions on an ABI 
Prism 3730 automated sequencer. New sequences 
were deposited in GenBank under accession numbers 
KY321388-K Y321423 (Table S1). 

In the present study, the haplotypes were identified 
using DnaSP v5.10.1 (Librado and Rozas, 2009). The 
№01, ND2 and CYTB gene sequences of congeneric 
species in Tylototriton were downloaded from GenBank 
(Table S1). In total, 119 sequences were used in the 
present study, and they involved 89 individuals of 24 
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species (Table S1). 

2.2.2 Phylogenetic and divergence time analyses The 
phylogenetic trees of 4 haplotypes and 23 congeneric 
species in 7ylototritonwere reconstructed using Bayesian 
inference (BI) and Maximum likelihood (ML) methods, 
with Pleurodeles waltl and Echinotriton andrsoni as 
outgroups (Zhang et al., 2008). АП DNA sequences 
obtained in this study were aligned automatically using 
Clustal X version 1.8 with default settings (Thompson et 
al., 1997). Ahead of phylogenetic analysis, the software 
MrModeltest 2.3 (Nylander, 2004) was used to find the 
best-fit nucleotide substitution model of each gene using 
Akaike's Information Criterion (Akaike, 1974), and these 
models (GTR+G: CYTB; СТВ + I + G: NDI апа ND2) 
were selected, the optimal model being implemented in all 
downstream analysis. Bayesian phylogenetic analysis was 
performed on combined mitochondrial datasets (separated 
into different partitions with a mixed-model approach) 
using MrBayes 3.2.2 (Ronquist, and Huelsenbeck, 
2003). Two parallel runs of Markov Chain Monte 
Carlo (MCMC) analyses for 1 million generations were 
conducted and tree sampling every 1,000 generations; 
in addition 10% of the initial samples were discarded as 
“burn-in”. The ML method based on the partitioned data 
was performed in RaxML v7.2.6 (Stamatakis, 2006). The 
GTRCAT model was applied to the three partitions. Node 
support values were estimated by the rapid bootstrap with 
1,000 replicates. 

To estimate divergence times in Tylototriton, 
we applied a Bayesian MCMC method based on 
mitochondrial genomes (№22), which employs a relaxed 
molecular clock approach, as implemented in BEAST 
1.7.4 (Drummond et al., 2012). Three nodes were 
constrained by extracting information from the fossil 
record to calibrate the phylogenetic tree (Zhang et al., 
2008): (1) the divergence time between Pleurodeles and 
(Echinotriton + Tylototriton) was about 45.1 Mya; (2) the 
divergence time between Echinotriton and Tylototriton 
was about 26.7 Mya; and (3) “Yaotriton” is suggested 
to have emerged around 14.2 Mya, corresponding to 
а 95% CI of 5.7-22.2 Mya. We assumed a relaxed 
uncorrelated log normal model of lineage variation, and 
a Yule Process prior to the branching rates, based on the 
HKY+I +G model, and as recommended by MrModel 
test 1.0 b (Nylander, 2003). Four replicates were run 
for 100,000,000 generations with tree and parameter 
sampling occurring every 1,000 generations for the 
first 10% of samples that were discarded as burn-in. All 
parameters were assessed by visual inspection using 
Tracer v. 1.5 (Rambaut and Drummond, 2007). The tree 


was generated and visualized with TreeAnnotator v. 1.6.1 
(Rambaut and Drummond, 2010) and FigTree v. 1.3.1 
(Rambaut, 2009), respectively. 

2.2.3 Median-joining network and genetic distance 
A median-joining network was constructed to depict 
relationships among haplotypes using Network 4.6.1.2 
(Bandelt et al., 1999). Pairwise divergences (uncorrected 
p-distance) between Tylototriton species on ND2 
sequences were calculated using the Kimura 2-Parameter 
model in MEGA 5.0 (Tamura et al. 2011). 


2.3 Morphological analyses Morphological 
measurements were made using a digital dial caliper to 
the nearest 0.01 mm. The following 14 measurements 
were taken for morphometric analyses (Fei et al., 1999): 
total length (TOL, from tip of snout to tip of tail), snout- 
vent length (SVL, from tip of snout to posterior edge of 
vent), head length (HL, from jugular fold to snout tip), 
head width (HW, maximum head width), snout length 
(SL, from the tip of the snout to the anterior corner of 
the eye), trunk length (TRL, from the jugular plica to 
the anterior tip of the vent), interorbital space (IOS, least 
distance between upper eyelids), diameter of eye (ED, 
diameter of the exposed portion of the eyeball), tail length 
(TL, from posterior edge of the vent to tail tip), maximum 
tail height (TH, maximum height of the tail between the 
top and bottom margins), width of tail-head (TW, width of 
the base of the tail), length of fore leg (FLL, from axilla 
to anterior limb tip of the longest toe), length of hind leg 
(HLL, from groin to tip of the longest toe), and axilla- 
groin distance (AGD, distance between axilla and groin). 
Morphological differences between populations were 
examined by Student's t-test (for parametric data), 
based on SVL and 13 ratio values to SVL (В, 96). The 
significance level was set at P « 0.05. The Principal 
Component Analysis (PCA) was used to look at the 
overall morphological variation by using SPSS Inc. 
version 15.0. 


3. Results 


3.1 Molecular analyses 

3.1.1 Phylogenetic reconstructions and divergence 
time analyses Topologies were recovered from the 
Bayesian inference (BI) analyses of combined mtDNA 
(NDI, ND2 and CYTB) for 24 Tylototriton species with 
highly posterior probability values of most nodes (Figure 
2A). These 24 species were divided into two major 
lineages, lineage А and lineage B, which corresponded 
to subgenus Tylototriton and subgenus Yaotriton, 
respectively. Within subgenus Yaotriton, 12 species were 
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Figure 2 Bayesian inference (BI) tree based on combined mtDNA sequences (A) and the phylogenetic tree constructed by the maximum 
likelihood (ML) methods based on mtDNA №2 (B). Values on branches of the trees are bootstrap support (bs) values from Bayesian 
posterior probabilities (bpp) and the Maximum parsimony analysis. * indicates the value « 75. 


divided into two major clades: T. hainanensis, T. ziegleri, 
T. notialis and T. asperrimus were clustered into clade 1 
and the other 8 species were clustered into clade 2. In the 
inner clade 2 of lineage B, four haplotypes recognized 
from all Yuexi populations were mixed together and 
formed a monophyletic clade (BPP = 1.00) which were 
nested with 7. wenxianensis and T. broadoridgus (BPP = 
1.00). Four individuals of T. dabienicus were clustered 
with 7: broadoridgus (BPP — 1.00). The phylogenetic tree 
from maximum likelihood (ML) methods also shows the 
same topologies (Figure 2B). Within subgenus Yaotriton, 
four haplotypes recognized from all Yuexi populations 
were mixed together. In addition, the species from 7. 
wenxianensis and T. broadoridgus were also mixed 
together and formed an independent clade. 

The molecular analyses of the ND2 gene also showed 
the estimated divergence times of the 24 species present 


in the Tylototriton genus (Figure 3). The time elapsed 
since the most recent common ancestor (MRCA) of 
Tylototriton was estimated аз 17.02 Ma (i.e., 95% CI, 
11.84—23.21 Ma). The MRCA of subgenus Yaotriton was 
13.62 Ma (i.e., 95% CI, 9.43—18.56 Ma), and the split 
between T. anhuiensis and both T. broadoridgus and T. 
dabienicus was estimated at 3.68 Ma (1.е., 95% CI, 2.10— 
5.80 Ma) (Figure 3). 

3.1.2 Median-joining network and genetic distance 
The median-joining network showed a clear pattern 
with obvious phylogenetic structure in accordance 
with the divergent time tree (Figure 4). Two groups 
were distinguished from the network analysis: group 
A was composed of 7. panhai, T. lizhenchangi and T. 
liuyangensis, while group B contained T. wenxianensis, T. 
dabienicus, T. broadoridgus and four haplotypes. Within 
group A, 7. panhai was more diverged from the other two 
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Figure 3 Time-calibrated tree of Tylototriton based on ND2 sequences. The values indicate the split time was calculated by BEAST 1.7.4. 


The gray bars through these nodes indicated 95% highest posterior densities for estimates. 


species. In group B, four haplotypes clustered together Interspecific genetic uncorrected p-distance of ND2 in 
very closely to T. dabienicus and T. broadoridgus. ^ the genus Tylototriton species ranged from 0.4%—15.9% 


There were at least 38 step mutations between the four 
haplotypes and 7: dabienicus, but only 34 step mutations 
between T7: broadoridgus and T. dabienicus. Within group 
B, T. wenxianensis was close to the four haplotypes and 


(Table 2). The p-distance between the Yuexi population 
and the other species ranged from 3.2% to 13.9%. The 


genetic distance between the Yuexi population and 7. 


clustered into one clade, but there were at least 42 step — dabienicus (4%) is larger than T. broadoridgus to T. 


mutations between them. dabienicus (3.6%). 
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Figure 4 Median-joining network based on ND2 sequences among haplotypes of T. anhuiensis sp. nov., and other congeneric species in 
Tylototriton. Length of branches is proportional to the number of changes from one species to the following, with a number next to the branch 
representing more than one mutation step. 


Figure 5 Photos of T. anhuiensis sp. nov., and the habitat. (A) Dorsal view of T. anhuiensis sp. nov.; (B) dorsal view of the head and trunk; (C) 
cloaca and ventral view of tail; (D) habitat of T. anhuiensis sp. nov. 
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3.2 Morphological comparisons The Yuexi Population 
has a series of morphology characters matching those of 
the subgenus Yaotriton, including vomerine teeth forming 
a “Л” shape, а pair of prominent lateral bony ridges 
on the head, rough dorsal and ventral skin covered with 
warts, a completely black body, and the lack of an orange 
circular spot on the dorsal surface of the body (Figure 
5A). The subgenus Yaotriton can be morphologically 
classified into two distinctly different groups (Yang et 
al., 2014). One group contains T. panhai, T. liuyangensis, 
T. wenxianensis, T. broadoridgus, T. dabienicus and the 
Yuexi population. The salamanders in this group are 
characterized by the dense tubercles on the lateral trunk 
that form continuous nodule-like warts. The second 
Yaotriton group consists of 7. asperrimus, T. notialis, 
T. hainanensis, T. lizhenchangi, T. vietnamensis and T. 
ziegleri. This group 1$ characterized by the presence of 
relatively large tubercles among the nodule-like warts 
on the lateral dorsum, and a quite distinct relatively 
wide or relatively narrow gap between large warts. The 
main morphological differences between the Yuexi 
Population and the other three closely related species (T: 
wenxianensis, T. broadoridgus and T. dabienicus) 1s that 
the head length greater is than the width (Figure 5B). 

The Yuexi population differs from T. wenxianensis by 
having the characteristic head length greater than width 
of head, the peripheral area of the cloaca is orange, and 
the tail height 1$ larger than the width at the base (Figure 
5B, C). The head length of Т. wenxianensis is equal to the 
head width, and the tail height is less than the width at the 
base. Also, the peripheral area of the cloaca is blackish- 
brown and similar to the color of body (Fei, 1984). Bony 
ridges on the head of 7. wenxianensis are notable and 
not necked-in, is another characteristic difference from 
the Yuexi population. Also, the Yuexi population differs 
from T: broadoridgus by the length of the dorsal ridge 
being smaller than the diameter of eye, and head length is 
greater than the head width (Figure 5B). The head length 
of T. broadoridgus is equal to head width, and the dorsal 
ridge is subequal to eye diameter (Shen et al., 2012). The 
major difference between the Yuexi population and 7. 
dabienicus is the total length of the female. The TOL of 
the southern Yuexi population (129.4 3- 18.2) is smaller 
than T. dabienicus (145.4-- 8.2) (t-test = 2.267, P<0.05) 
(Chen et al., 2010). In addition, in the lateral of Yuexi 
population, fine transverse striae are present between 
every two tubercles. 

The results of the PCAs exhibited the overall 
morphological difference among the Yuexi population 
and its closely-related species. The first three factors 
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explained 84.69% of the total variance. The first factor 
alone explained 57.23% of the variance, with large 
loading for the following 14 characters (the load factor 
70.1): SVL, TOL, HL, HW, SL, TRL, IOS, ED, TL, TH, 
TW, FLL, HLL and AGS. The second factor explained 
another 16.16% of the total variance, with the following 
6 large loading characters: HL, HW, SL, ED, TH and TW. 
For the third factor, 11.3196 variance was explained with 
large loading for the following 7 characters: TOL, HL, 
HW, SL, IOS, TL and TW. We constructed PCA plots of 
the first principal component (РСТ) versus the second 
(PC2) for the group (Figure 6). The PCA graph showed 
that the Yuexi population was clustered together and 
clearly separated from the closely-related species. 


3.3 New species description 

Systematics The results from the morphological and 
molecular systematic comparisons above reciprocally 
support that the new form from the southern Dabie 
Mountains should be recognized as a new species. We 
name the Yuexi population of “7. wenxianensis" as 
Tylototriton anhuiensis sp. nov. in this paper. 

Tylototriton anhuiensis sp. nov. (Table 3, Figure 5) 
Holotype AHU-13-EE-006, adult male (Figure 
5), SVL 69.96 mm, was collected by Tao Pan from 
Yaoluoping National Nature Reserve (М 30?59'22.19", 
E 116?06'13.66", at an elevation of 1166 m) in Yuexi 
county, Anhui province on 01 June , 2013. 

Paratype five adult males (AHU-13-EE-003~005, 008, 
009), four adult females (AHU-13-EE-001, 002, 007 and 
AHU-15-EE-001) and two larvae (AHU-13-EE-010, 011) 
were collected by Tao Pan and Chencheng Wang from 
the same place as the holotype on June, 2013 and August, 
2015. Sixteen adult males (AHU-16-EE-001~004, 006, 
007, 009-012, 014—019 and) and four adult females 
(AHU-16-EE-005, 008, 013, 020) were collected by 
Chencheng Wang and Ke Fang from the same place as the 
holotype on April, 2016. 

The holotype and paratypes were deposited in the 

Anhui Key Laboratory of Eco-engineering and Bio- 
technique, School of Life Sciences, Anhui University, 
China. 
Diagnosis the new species has a series of morphological 
characteristics different from other members of the genus 
Tylototriton: 1) the head length is greater than the width 
of the head; 2) the bony ridges on the head are notable 
and necked-in; 3) the tail length 15 less than the snout-vent 
length; 4) the ventral tail fin fold extends to the cloacal 
posterior margin; 5) the distal digit ends, ventral digits, 
peripheral area of cloaca and the tail's lower margin are 
orange; 6) relative length of toes: 3>4>2>5>1. 
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Table 3 Measurements of adult specimens of T. anhuiensis sp. nov. 


Paratype (4 Paratype ($ 

Item (mm) Holotype (8) i Means+ SD mwe ET di Меапѕ+ SD = Range " 
SVL 69.96 69.2+3.9 (59.4-74.8) 68.1+12.2 (51.0-91.6) 

TOL 134.48 192.2 132.4+7.6 (118.9-145.7) 191.3 129.4+18.2 (103.8-165.4) 190 
HL 16.41 24.4 15.6+0.9 (14.3-17.4) 22.5 15.6+1.5 (14.4-19.1) 22.9 
HW 14.57 22.3 14.4+0.6 (13.2-15.4) 20.8 14.4+1.3 (13.2-17.2) 21.1 
SL 3.11 44 3.50.4 (3.0-4.5) 5.1 4.0+0.5 (3.4-4.9) 5.9 
TRL 55.32 79.1 55.0+4.0 (45.0-60.0) 79.5 52.9+9.4 (37.8-68.3) 81.3 
IOS 7.88 11.3 7.5+0.7 (6.3-8.7) 10.8 7.51.0 (6.1-9.1) 11 
ЕР 3.19 4.6 3.7+0.3 (3.2-4.3) 5.3 3.440.4 (2.4-3.8) 5 
TL 64.72 92.5 63.3+5.1 (53.2-72.3) 91.5 61.36.8 (52.9-73.8) 90 
ТН 6.04 8.6 7.3+0.7 (5.8-8.2) 10.5 6.7+0.9 (5.2-8.0) 9.8 
TW 441 6.3 4.2+0.4 (3.3-4.9) 6.1 4.2+0.8 (3.6-6.1) 6.2 
FLL 20.27 29 20.941.5 (18.5-23.6) 30.2 20.6+1.6 (18.8-24.0) 30.2 
HLL 23.36 33.4 21.6+1.9 (17.0-23.7) 31.2 22.5+1.1 (21.0-24.6) 33 
AGS 34.24 48.9 38.0+4.6 (26.7-43.1) 54.9 36.1+7.9 (27.8-51.4) 53 


% is the ratio of each measurement to the SVL. 


Description of the holotype (AHU-13-EE-006) an adult 
male, total length 134.68 mm, snout-vent length 69.96 
mm (other measurements are given in Table 3). The head 
is compressed, longer than its width, and broader than 
the body width, (HL 16.41mm, HW 14.57 mm). The 
head slightly is concave on the top. The snout is nearly 
square, clearly extending beyond the lower lip. The 
external naris is slightly nearly snout. The bony ridges 
on the head are notable, extending from the dorsal region 
of the rostral side, and through the interior side of the 
upper eyelid to the occiput. The two bony ridges on the 
dorsal head surface form a “V” shape, which is low and 
flat, and connected with the dorsal ridge of body. The 
eyes protrude from the dorsolateral portion of the head 
and have oval eyelids. The oral fissure is flat, straight, 
and extends a distance greater than half of the length of 
the head. Fine teeth are presenting on the edge of the jaw, 
vomerine teeth forming а“ /\ " shape being positioned 
in the internal nares and extending posteriorly behind the 
orbit. The tongue is nearly round and entirely fixed at the 
base, but free at both lateral edges. The neck 1s rounded 
and thick, with a distinct neck groove. 

The four limbs are relatively slender, and the hind 
limbs are lightly longer than the forelimbs. The distal 
tips of the limbs overlap when the fore and hind limbs 
are pressed along the trunk. The fingers and digits are 
compressed with none webbed. The relative length of 
4 fingers is: 3222471, and the relative length of 5 toes: 
324222521. 

The tail length is less than the snout-vent length. The 
tail is notably compressed laterally, with relatively strong 
tail muscles. The dorsal fin fold of the tail, starting from 


the tail base, is distinctly thin and high; while the ventral 
fin fold of the tail, starting from posterior of the cloaca, 1$ 
thick and short. The tail height is greater than the width 
at the tail base, and the distal tail tip is obtuse and sharp. 
The cloaca is long and narrow, and the cloacal region is 
slightly apophysis. 

The skin is extremely rough, and the body is covered 
with tubercles and warts. Only the labial margin, distal 
limbs, ventral limbs and the ventral edge of the tail are 
smooth. The dorsal ridge, running along the middle of 
the dorsum and extending from the neck to the base 
of the tail, is rough and relatively narrow, smaller than 
the diameter of the eye, with the anterior width being 
subequal to the posterior width. Each lateral corner of the 
dorsal ridge consists of a row of rough nodular tubercles. 
On the lateral dorsum of the body, tubercles and warts 
are big and closely arranged, appearing to form lines that 
extend from the shoulder to the base of the tail. Unlike 
the dorsal tubercles, the ventral tubercles and warts are 
relatively flat. The dorsal edge of the tail is covered with 
prominent tubercles, and the lateral tail and peripheral 
area of the cloaca contain warts. 

Colour the entire specimen in life is almost black or 
blackish-brown, while the ventral color is a little lighter. 
Only the distal digit ends, ventral digits, the peripheral 
area of cloaca and the ventral edge of tail are orange 
(Figure 5C). The orange region between the ventral 
edge of the tail and the peripheral area of the cloaca is 
connected. The soaking specimen is black and the ventral 
color is blackish-brown. The orange coloration of the 
distal digit ends, ventral digits, the peripheral area of 
the cloaca and the ventral edge of the tail fades to lacte 
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(Figure 5С). 

Secondary sexual characteristics the female cloacal 
hole is short and its inner cloacal wall has no papilla 
(Figure 7). The male has papilla on its inner cloacal wall 
and its cloacal orifice long slit (Figure 7). In teh breeding 
season, the peripheral area of the cloaca is an obvious 
orange in the male, but the female cloacal region has 
fine orange dots that are more subtle than obvious. Also, 
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the cloacal region is slightly bulbous, and this feature 
becomes more evident during the breeding season in both 
male and female. 

Variation all type specimens were collected from 
the type locality during the breeding season. The 
morphological characteristics of individuals are different 
because of the sexuality, size, and growth factors, which 
have been recorded detail in Table 2. 
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Figure 6 РСА plots of the first principal component (PC 1) versus the second (PC 2) for the Г. anhuiensis sp. nov., and its closely-related 


species. 


Figure 7 The cloaca of the male (A) and the female (B) of T. anhuiensis sp. nov. 
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Distribution and ecological habits the new species lives 
in a mountainous area at an elevation between 1000m to 
1200m, in bamboo groves or where the land is covered 
with thick, dry branches and fallen leaves. The habitats 
are characterized as subtropical mountain forests. The 
adult salamanders are more land based in non-breeding 
seasons. But in the breeding season they can be found 
living in or near ponds, or wet soils between stones, 
rotting wet corn stalk heaps, and the soil of rice paddies 
(Figure 5D). They are rarely active during the day, and 
come out to feed in the evening, being most attracted to 
the humus at the bottom of ponds or damp places where 
the soil is rich. The species is very active before a storm, 
feeding on worms and flies and their larvae; they also eat 
spiders and other insects. 

Larva larvae were collected from Yaoluoping National 
Nature Reserve in August 2013, and were deposited in 
the Anhui Key Laboratory of Eco-engineering and Bio- 
technique, School of Life Sciences, Anhui University, 
China. 

The larval body is slender and 44.8mm in total length. 

The forelimbs and hindlimbs are clearly fully grown 
up, but the limbs appear to be weak, with locomotion 
primarily occurring through tail movement. The head is 
wide and flat with relatively large eyes and three pairs 
of external gills having obtuse anterior ends, while the 
body and tail are laterally compressed. The skin is smooth 
and the ventral side of the tail is almost white with a few 
scattered blackish-brown spots on the dorsal side of the 
tail. Costal grooves for muscles of larvae can be easily 
seen. The dorsal fin fold is comparatively tall and rises 
from the region between the posterior head and anterior 
body. The short and thick ventral fin fold of the tail 
extends from the cloaca to the end of the tail. 
Etymology the name of the new species is derived 
from its current distribution range in the southern Dabie 
Mountains ш Anhui province. The suggested English 
name is the Anhui Knobby Newt. 


4. Discussions 


Amphibians, especially salamanders, rarely wander 
away from their preferred environment and are highly 
associated with specific habitat requirements for 
breeding and larval growth (Zamudio and Wieczorek, 
2007). Geographic isolation may cause gene flow to be 
interrupted, and the increasing genetic differentiation 
among the population can result in the formation of a new 
species (Eckert et al., 2008; Chen et al., 2010). The Dabie 
Mountains are lower in the south and higher in the north 


and present a variety geomorphic features, located in the 
overlapping areas of the Palaearctic and Oriental, and its 
fauna change markedly with the change in elevation (Pan 
et al., 2014). Because of this particularity of the natural 
environment, the diversity of species is plentiful and 
many cryptic species exist in the Dabie Mountains (Jiang 
et al., 2006; Fei et al., 2010; Huang et al., 2012; Pan et 
al., 2014; Pan et al., 2015). 

In our study, the results revealed that the Yuexi 
Population, which was previously known as a population 
of T. asperrimus (Chen, 1991) and latterly classified 
as T. wenxianenis (Fei et al., 2006), is described as a 
distinct species based on three main factors: (1) both 
morphologically and genetically, the Yuexi population 
15 very distinct from the closely-related species 7. 
wenxianensis, T. broadoridgus and T. dabienicus (Tables 
2-3; Figures 2, 3, 4, 6); (2) the split between Yuexi 
population and both T. broadoridgus and T. dabienicus 
occurred in the middle Pliocene (about 3.6 Ma) (Figure 
3); (3) the geographic distribution of the Yuexi population 
and its three closely-related species does not overlap 
(Figure 1). Based on these analyses mentioned above, we 
conclude that the specimens collected from the southern 
Dabie Mountains belong to the subgenus Yaotriton, and 
that they are distinctly different from any of the known 
species in the genus Tylototriton. Thus, we suggest that 
this specimen from the southern Dabie Mountains should 
be recognized as a valid new species. 
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